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ARSniACT 

OmsiOei ii&§ Un» air qimlity prolilesB 
tiMcii nsiat in California triUsonl tlie con-* 
intstion of coal for eiiectric pctmr 
generation# wuqp bane felt that any 
siigaifi&ant use of ooai in the state eonU 
be incooceinabie* Bonever# recent develop* 
■nets in emis sion control technology have 
maoe it possible to hiirn coal in certain 
applications witb significantly lower 
emfimiomi than currently result from tbe 
uBtt oi fuel oil. 

U n t - I W n bsrnmts# eet s c c v iibiBg systeas# 
baghottses and innonli injection systems 
are feasible for use on large 
oQsbnstion aonrces such as ntility boilers. 
These devices# used in ccmbination with 
coal h a nd ling technicue^ «n.*^h minimize 
fugitive drat and cr * trw*«so^rtatioo 
related ea i ssi o nr» . * .aid en«».*ie new nam^r 
plants and large .* . ial boilers to 
burn coal without t! * a/erse air quality 
inpacts for which has become 

notorious. 

I. umoDixmoN 

Although coal has long been recognized 
as the nost significant fossil fuel energy 
resource in the United States, it was not 
until after the Arab oil ewbaigo of 1971 
that oil and gas began to be ronsidered as 
unacceptable fuels for use in latge# fuel* 
intensive facilities such as utility 
boilers. Prior to the embargo, the federal 
govermient* through the environmental 
Protection Agency, octually encouraged the 
conversion of croal*fired utility boilers to 
oil-fired operations as a relatively in- 
expensive technique for achieving substan- 
tial emission reductions. 

Air Quality problems have been a signi- 
ficant factor affecting thv design of power 
plants within the state and throughout Cali- 
fornia power plants have generally burned 
natural gas to the maximum extent possible. 
The use of fuel oil is limited by the South 
Coast Air Quality Management District 
(SCAQflO) to fuels containing no more an 
0.25 pc; cent Sulfur. Other metropolitan 
APCD*s limit the sul^'ar cmitent »>f fuel oil 
to 0.5 percent. 

Dcspitt* the Jact that large co^. l-f 
combust iMii s irce, have been c msiilored 
to be generally unacceptable in California, 
it is now clearly imprudent to plan for the 
use of oil or gas in any new, baseload 
po%icr pi Hits. The .irincipal options lett 
for Calitornia for balancing the electric 
po%#er supply and demand are conservation. 


cogesM^atiott, bydr«>, ttetstlictwal , mm* I eat , 
and coal, tfie California Mr Resources 
Ronzd fARDl has sot taken a position re- 
gacdijig tbe ccmstruction of seit or 

imclesr power plants since tike principal 
envizonmental risks associated with these 
facilities are outside tbe purview of tbe 
ARB and have therefore not been evaluated. 
Of tbe remainder, conservation fincloding 
Jecentraliaed solarl # cogeneration and 
geothermal are view ed as generally pre- 
ferable. Bow eve r# to tbe ostent tbat these 
alternatives are rot avail^le to satisfy 
electric power demand in California# tbe 
carefully regulated use of coal €san be 
acceptable from an air quality perspective. 

II. CALirORIIlA AIR QUALiTT 

Basin-like topography# freeptent atmos- 
pheric temperature inversions and a hi^ 
concentration of vehicles and industry have 
caused serious air pollut'.on problems in 
California*s three larges : metropolitan 
areas and in tbe San Joagtin Valley. Rone 
of the 8tate*s fourteen air basins, chown 
in Figure 1, are currently free from 
violations of at least one abbient air 
quality standard. The anbient air quality 
standards whif^ are related to tbe com- 
bustion of fossil fuels are shown in 
Table 1. 

Table Z sunmarizes the hi^iest pollutant 
cXMiceiitrations recorded during 1977. 

Oxidart Cprinarily ozone), a substance 
formed during a photochemical reactiem 
bet%ieen hydrocarbon emissions and oxides of 
nitro<:cn emissions, is the most pervasive 
air pollutant in California. As has always 
been the case, the highest oxidant level was 
recorded in the South Coast Air Basin. 

The basin with next highest oxidant con- 
^^entration was the Southeast Desert# where 
' . 1 C South Coast Air Basin air mass is 
tran.sported by the prevailing west-to-east 
wind flow. Peak oxidant levels in the 
South Central Coast and San Diego Air 
Basins can also be affected by S«^th Coast 
Air c«isin emissions. However, the air 
quality problems in both of these basins 
are substantial ly affected by locally 
«ienerated emissions. Although oxidant 
5*^ imlard x»io!at ioi.:; vrore recorded in each 
basin wh<*rc mt^.isurtHne?** s wore made, the 
viol.it irms whii'h h.ivN* ilowiiwiiitl of 

major urban ar*MS may bo eliminated tiuough 
the control measures applicni ir, the urban 
areas provided ado<|uate NOx control is 
achieved. 


76 



Hiqh T^tai Suspended Pacticulate natter 
CTSPI levels caused fay any or all of 
throe different cunditions: (U Industrial 

sources of particulate enissioes ubicfa are 
not equipped with adequate controls* ( 2 | 
vehicular and inauhtrial sources whose 
enissions of liydrocartions* oitroqen oxides* 
and sulfur oxides are chenically trans- 
fomed into ""s e condary* particulates such 
as orqanic aerosol * nitrate and sulfate* 
ami ( 1 ) wi«Hibl 3 wn dust. With.'n biq air 
basins with hiqh oxidant levels such as 
the South roast Air Basin and the San 
Joaquin Valley Air Basin* secondary parti- 
culate is a very najor problen. 

In many rural areas windbloNn dust is 
the najor problen. The adverse health 
effects of windblown dust* because of its 
larqe particle sizes* are qenerally tar 
less significant than for equal concentra- 
tions of anthropogenic particulate ewis- 
si«Nis %»f oil hot the direct or *secondarr* 
variet>. F^r this reason and for the 
practical probiens associated with the 
control of windblown dust* the EPA does not 
consider levels in excess of the anbient 
air quality standards to be violations if 
they are caused by windblown dust. 

SO 2 and sulfate concentrations are a 
serious prohtcc in both the South Coast 
and San Joaquin Valley Air Basins. The 
South Central Coast and the San Diego 
County Air Basins have also experienced 
violations of the standard for sulfate. 

!io other basins have been determined to 
have pft.ibleiBS at this time. 

Violation of the aad>ient air quality 
standard *^or nitrogen dioxide were recorded 
in the South Coast* South Coat^^al Coast* 
Southeast Desert* San Diego* and San 
Francisco Bay Area air basins. As has 
historically been the cas^ the HO 2 levels 
recorded in the South coast Air Basin were 
almost double those rc^rded else««here. 

In summary* California*s fourteen air 
basins can be segregated into three cate- 
gories trom an air quality perspective 
considering only Lnos«;: ocllutants signi- 
ficantly related to the combustion of 
rossil fuels.* 

Six basins* South Coast* South Central 
Coast* San Diego* San Francisco Bay Area* 
San Joaquin Valley and the Sacramento 
Valley* experience numeroi 3 and severe 
violations of ambient air quality stan- 
<iards duo to both locally gener<»ted and 

*t\Miain «»l lilt' Ca 1 1 ! <«rni.i air Ixisins ex- 
l»«.*r icru*c problems which are not 

rclatiHl til fossil fuel combustion. The 
Uikt* r«umty ami r.n» ih Coast Air Basins* for 
example** ai»' exparieiu'ir^g substantial vio- 
l. ft ions ot the state's *imbient air quality 
standaid tor hydrogen sulfide due to the 
cur nt!y inideguatcly controlled genera- 
• *0.. <;f tdecti ic pi>wcr from geotnermal 
steam. 


transport related emissions. TWq basins* 
Labe Toboe and the North Central Coast* 
experience less frequent and less severe 
violations* which appear to be primarily 
the result of locally generated emissions. 
Six other basins* Southeast Desert* 
no^tain counties* Great Basin Valleys* 
North Coast* Northeast Pl.»teatt and Lake 
County* esqperience varying le^.*els of air 
pollution* the highest of which* howc.cr* 
arc related to emissions from upwind areas 
or rural fugitive dust. 

111. FCTURC AIR QUALITY 

Despite the historical persistence of 
of air quality problcM in California* two 
factors now allow a nodicun of optimism 
regarding future air quality levels. FOr 
the first time in history* it is no longer 
permissible to build major new sources of 
air pollution. which will *-^xacerbatc vio- 
lations of ambient air quality standards; 
The Clean Air Act Amendments of 1977 
clearly artie«ilate a tederai policy of 
prohibiting the construction of sources of 
air pollution* which will cont-^ibute to 
existing air quality problems even though 
these sources nay be substantially lower 
in emissions than similar* existing sources. 
The fact that a proposed new source has 
relatively low emissions has in the past 
been cxinsidetod an adequate iustification 
for its construction. Federal law now 
re«rognizes the obvious fact that degraded 
public health and welfare are the result 
of adding "clean* new sources to an over*- 
burdened air shed just as increased risks 
are associated w^th adding lighweight cargo 
to an overloaded boat. The federal Hew 
Scurce Review (NSR) program requires that 
mitigation measures or "trade* offs* suf- 
ficient to offset the adverse Impact of any 
major new source of air pollution be a part 
of new industrial projects. The existene -2 
of the federal NSR requirements allows air 
pollution control agencies to ooncentrate 
on existing air problems Instead of being 
forced to deal with unrestrained increases 
in emissions. 

The second factor which is now contri- 
buting to a solution to the 8 tate*s prob- 
lems is the increased focus on control 
strategy development at the state and 
federal level. Historically* local air 
pollution control agencies have been forced 
to regulate industrial sources of air pol- 
lution with little assistance. The state 
and* to a lesser extent* the federal govern- 
ment are now recognizing the gross ineffi- 
cien<.*y *sch iareni with requirin«i local 
«it|onctos I ly develop .iiul implc- 
Rient roifu lat i<ms lor the (*ontrol o: indus- 

trial air pol lilt ion problems ot state-wide 
or national imp.ict . The basic control 
strategies iieeth'il to reduce emissions from 
most types o! sources are ivienticil whether 
the source is located in l/^s Anielf S, San 
^ranci sc \ , liaki^rs: it* Id or ..:*t > •?; . A 
single ro I st ra te»;y -ievo i<^ped at the 

state or federal level as **mt)de! ie-.’* cm 
bfc given to the numerous b-cal v;;stricts tor 


77 



adoption* Ttmse "toodai mies* can be 
tailored prior to adoption to tbe needs 
of individual districts* 

Altbough tbe U*S. Envirosaw ntai 
Protection dtsency is not fet pursuing the 
node! rule conce p t^ CPA do c s provide 
''guideline docwents* which contain useful 
information on the emissions control 
potential for various categories of 
industrial sources* The guideline docu- 
ments* useful in developing emission con- 
trol regulations for both new and existing 
sources* are supplemented by Hew Source 
Performance Standards CHSPSl . Ho w e ver* as 
discussed in greater detail below* tbe CPA 
MSPS are usually set at levels which 
require far less emission control than is 
technologicrally feasible and economically 
reasonable. 

A detailed analysis of the emissio. 
control measures needed U> achieve and 
maintain tbe ambient air quality standards 
tbrouqiiout California is currently being 
developed throuqb tbe cenbined efforts of 
Ibc ARit, local «|Ovornmini^ S* ami privatc*^ 
or«|ani suit tuns involve*! *n . Air 
ttaintenaiH^e Planninq procv which man- 
dated by the Clean Air Act. ibe para- 
gra|ihs which follow give a very brief and 
general overview of the emerging plans 
which are expected to be published early 
in 1979 as the State Inpleaentation Plan 
(SIPI. 

Tin* |»t s -tml att.tan— 

iii«t tla*- .tMl*i« • oiir «|ii.ilalY st.t.«d.it«ls in 
Ihk* l 9 S 0 *s arc •“XCt*l lent t<»i <»i 

Calil«»rtii. *s basins. Allii>ni»ih s^«bstan* tal 

|«.it I i«*iil.ai t* tmissioii 

itict «'iMtld .issaM^ioilt^l with tin* 
shift irtMi natural gas to tuet oil, which 
is now occurring* work now underway at the 
ARB indicates that these emissions from 
major combustion sources can be dramati- 
cally rt*duc€Hl through the use of xurtlier 

liH'l 1 1 Ml I .t.tl i**!! «•! g.i;; :;«*f til»- 

•iIhI ^•wii I |«''M l.tl ** i«Mi 

.ifHm>tiii.i ill i«»at riyrittfn:; ;•>! 

oantr«»l, and iabi i*- l iltratioii (bagliv fuses) 
for p^iriiculatY 'ontrol. A i .^cent ARB 
staff report' describes how the use of 
certain of these control techniques ap- 
plied to themally enhanced oil recovery 
operations in the Sai« Joaquin Valley can 
provide essentially all of the SO^ control 
pro feci fs! to bi* nc'odvd to attain fhe 
ambient air t|ual ity standattts t<»r SO^ and 
Sulfate aiHl more tSian hall «»t the fiOx 
«'c»ntrol nocficd to achievt^ the oxidant 
St .iiitl.ir«l I lirotMh .1 i*ttmbiiiat ic»n ol hydiff* 
carbon and NOx contrc^l. .A *lraft Air 
Oualitv ftiintenance Plan* preparc^d by 
the AsstK*iaiion ot Ikiy Arc>a tk>vcrniR?nrs 
outlines the typo <if liytlrt •carbon c«>ntrc»ls 
which appear to be available to cause 
attainment fo- oxidant in the nine 

ies of the San Francisco Bay A»“ea. 
Simi la? <*«>ntrots applicni in the South 
iVsdia! i'oasi • San biego, Mortli Central 
Coast and Lake Tahoe lir basins may be 
sufficient to achiev«^ and maintain the 


oxidant standard provided growth is care- 
fully managed. Air basins which are 
experiencing oxidant violations as a result 
of long-range transport nay achieve attain- 
ment status provided most feasible hydro- 
carbon control measures are integrated 
with appropriate MOx emission controls in 
upwind areas. 

Ho plan has yet been developed which 
indicates that the oxidant standard can 
be achieved in tbe South Coast Air Basin 
witboi't econcmdc^al ly iofeasible control 
appiTjaclies involving the curtailment of 
current vehicular and industrial activitiea^ 
However* substantia! improveaient is already 
possible and attainmetit of the standard for 
HO^ appears feasible through the MOx reduc- 
tions expected from the motor vehicle 
emission standards adopted for future years 
in combination with the use of ammonia 
injection systems on large combustion 
sources and so m e control of other sources. 
Attainment of the SO 2 and sulfate stan- 
dards appears to be possible through the 
application of substantially increased fuel 
oil* diesel oil* z.ad gasoline desulfuri- 
zation in cnmbin.it l«ai with cv»ntrol misisitrcs 
i*n dike c*alcttii »i«t kilns. itrliin*ty FIV tatits^ 
ind other such sfjuroes.*^^ 

IV. ACXXVVfOOATION OP COAL IH CALIFOBHIA 

In areas of California which are pro- 
jected 1.0 achieve and maintain the ambient 
air quality standards through the inple- 
mentation of the plans now under develoi>* 
mtmt. It will pcissibli^ to permit the 
tNMisi I itct it*ii «»t m .1 |«»r m*w l.i«*i 1 il it*s stn~h 
as «*«>.• I ittHi |ii«wi*r pl.iiits prt»vi%h««l llm.' 
cmissi«»ns t r«>n s«K*h pr«»id’ts arc« iw»l si» 

.IS ifi vi«ilal ;ofis ol Ibi* 

siaiitLii aIs. II the emissions expix*ltHl 
from a coal-tired power plant arc ealirw- 
lated to cause an air quality violation* 
*^rade-off measures nay enable tbe 
adverse impact to be mitigated. 

The need for trade-offs will therefore 
«hgiCiiAl oil wht-flH*r fhi- air 

pol lutiun St ral f ««iy to « »v ■ «h*n t or 
an incr€x«ent ctl t«missiuns •itfswih 
without causing ambient air quality 
standard violations* 


*Tt L igation measures could also be 
rd|uired if the proposed facility would 
lead to unacceptable air o'*ality degra- 
•f.it ion in Frevt^nti* n of bjignificant 
Ili'tci iA*ra» ion (PSD) areas or Air 
0 «»nservat ion Aroas CACA’s) locatcxl down- 
wint*. The State's Air Conservation 

, A*iit rt'iii ly umler dove I « ipmeiit * 
is .it maintaining supc'rior air 

quality ierels (cleaner than required by 
ambient air quality staruiards) in areas 
of smiM^rtant .tesf!ieti«* signifi«Mnco (e.«|. 
Yosemite, in‘«lw nnts N.11 t<uiai Park* etc.). 

The ability for joal-fired power plant 
pro|)onents to devt*lop emission "trade-off ** 
measure^ when ne<*t*ssary, wi I I depend *in tln' 
quantity of emissions *«> be offset .md th** 
availability of such tiadc-offs in the 
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vicinity of the proposed new project* 

Except for the Greater netropolitan U»s 
hnqe^es area, it appears that a substan** 
tiai quantity of tradeoffs will be avail* 
able frcMi existing power plants* At this 
tine, it appears all feasible power plant 
eiussion control neasures Bay not be 
required to acdiieve and Maintain the 
anbient air quality standards through nost 
of California. Mbere all feasible crontrols 
are not recfuired, it awiy be possible fvr 
new power plants to be constructed without 
an increase in electric^^pQMer*related 
enissions through the retrofitti^ of SO^* 
mix and particulate natter enission con* 
trots to existing oil*fircd power plants 
providexi that the enissiems fron the 
proposed new facility do not excreed the 
enission reduction potential fron existing 
power plants* In certain areas, however, 
no trade*offs nay be required* 

V. EmSSIOII CCXtTROL PEaSIBIblTY 

Uncontrolled Missions * The popular 
conception regarding the high enission 
levels associated with coal is born out 
by a conparison of the *uncontrolleii** 
enissions fron coal combustion cxinpared tc 
the cxMdMistion of oil and natural gas* As 
shown in Table ), NOx, SOx and parti* 
crulatc enissions fron coal conbustion are 
substantially greater than fron either oil 
or gas with the particulate enissions fron 
cx>al exceeding the particulate enissions 
fcon oil by a factor of 105 when the oil 
burned has a sulfur cxintent of 0.5 percent 
by %#eight. 

TIh' t«'asoit ff>r the si«intticanC «lit- 
lort*iH*os bet%#ecn the imissioiis croatcti 
I r«<ni tiK* cunbustion ot rcvil and other 
tussil fuels is prinarily due to dif- 
ferences in their composition. A typi cal 
western croal is 71.43 percent by weight 
carbon, X.36 percent by weight nitre^en, 
1-00 percent by iieight sulfur, 5.05 per- 
cent by weight hydrogen, and 8.42 percent 
by weight ash node up o: silica, trace 
nctals and other nonconbustible materials. 
The rii(r«K|eti <o)nt«iinod in the coal is a 
contributor to the NOx emission produced 
during cxxnbustion. The ash is princi- 
pal source of particulate emissions. 

While fuel oil may ontain as much sulfur 
as coal, it typically* contains only 0.50 
p*^rcent by %iei »ht nitrogen and 0.04 per- 
cent by %ieight noncxmibustible impurities. 
Natural gas is typically alimjst entirely 
made of methane (91.31 percent by volume 
and contains only trace quantities of non- 
hydrocarbon components, such as 0.0009 
percent by weight hydrogen sulfide (lUS), 
the combustion of which creates the rela- 
tively low concentrati. ^ of SO 2 emissions 
asscxriatel with natural gas combustion. 

NOx emissions from gas-fired combustion 
are only created fr^^-n the reaction bt't%#ocii 
t li«' n i 1 1 and «ixygt*n a i iunI i n t he* 

i«*ii .lit. N*« t i»'l IhmuiiI ti 1 1 i i:; 

pit'SiMit i«» ciMitrioute to the lormaLu ti ot 
NOx. 

REPRODUCBILmr OP TBl 
ORIGINAL PAGE IS POOR 


Particulate Emission Controls * Since the 
particulate emissions fron unront rolled 
coa.. conbustion are great enough to create 
a suhstantial public nuisance, there have 
been particulate natter cxmtrols applied to 
coal-fired power plants for quite some tine* 
the nost common control device is the 
electrostatic precipitator (ESP) , %ihich 
renoves conbustion particulates by ducting 
the stack gases between charged plates* 

The electrostatic charge applied to the 
particles results in their Migration to the 
plates where they periodically drop into a 
collection hopper each tine the plates arc 
•rapped* to Shake the particles free. 

The effectiveness of electrostatic pre- 
cipitators depc^nds on the surface area of 
charged plates, particle size, and particle 
resistivity. While ESPs can be designed 
for renovai efficiencies exceeding 99%, the .. 
collection plate area required, aixl thert^ 
fore the systen cost, increases rapidly 
above 95% renovai efficiency* 

Fabric filtration is an alternative to 
•'he use of electrostatic precipitators 
ahich Makes substantially increased parti- 
culate enission control feasible. As shown 
scheMtically in Figure 2, a aaghouse 
consists of an enclosure <x>ntaining nuner- 
ous cylindrical fabric filters (“bags*) 
through which all or the conbustion gases 
are ducted. Sufficient filter area is 
provided to red pressure drop througb 
the baghouse to o inches of water on 
typical coal-fi: -d utility boiler appli* 
cations.t^) To btaia a conbination of 
high filtration • fficiency and low pres- 
sure drc»p, more han 10,000 individual bags 
might bt^ used t< * a 500 megawatt ftial-fircsl 
boiler. 

In tests ruii on full scale coal- fired 
boilers using fabric filtration, particu- 
late removal efficiencies of 99*84% 

99*91% have been reported(^). The resul- 
tant stack enissions with such efficiencies 
were recorded at *01 and *005 pounds per 
million BTU heat input* 

SO 2 Emission Controls - *^tack gas scrub- 
bing cor sulfur dioxide renovai has been 
developed to the point where 95% efficiency 
can be routinely achieved* The latest 
experience in Japan indicates that the 
reliability of scrubbing systems has been 
improved to the point where the scrubber is 
"available" more than 99% of the tine.'^^ 

A number of rcgcnorable and nonr^^ener- 
able, or "throw away", systems are on the 
market. A schematic of a simple nonregener- 
able system incorporating the use of a lime- 
stone slurry is shown in /igure 3. 

The SO2 removal moch.inism for this type 
of s:*riibber involves a leaction bct%#ecn 
::i'. » I loim I preolpi t .it ot 

I* :%• , • *1. 'iino- tNi I I Oil) * lio systoni as 

.‘b : systems, su»*h as the 
‘ • _ . •i-!iou<?li mor.' expen- 

a* ..Ms^'rbent, produce a 



byproduct* siicli w sulfuric aci t* and ha'fo 
QO'~solid liaste. 

Hte Buisslon OMtrols • Ibe control of 
HlOs-aaissioiis froA f€»ssil fuel cxmlnistlon 
can be acbieved tbrotnib tbe use of ceoi^ 
buSbitMi modifications nnd stack <|a8 treat- 
sent* Uncontrolled NOx ciiissions fmoi 
coal cosbustion bauc been r< viuced belau 
2M ppm tbrougb burner and .furnara nodi- 
flcstions in experinental ifork**”' 
Oosiiustlon nodifications applied to tbe 
Isogo Power Station operated by the 
Bleetric Power OevelofMenc Conpany of 
JapaK: have resulted in emissions averagincj 
2S0 pM on 2SS NH furnaces In daily opera- 
tion*!^^ Emissions at the isoqo facility 
WKe reduced from €S9 ppm to S76 ppn 
level through tbe use of MOk ports* and 
fran S7S ppn to 240 ppn through the use of 
low^dKlK burners* 

The qr€»atcst potential for minimizing 
tiiw MQx emissions associated wiJLh coal 
combustion is through the use of ammonia 
injection* two basic proc^esses* chic of 
wbicrh involves the calalytic c^nhaneemeni 
ot the miz elimination* have been dovel«gi- 
ed* noth rely on the basic reactions 
shorn be lows 

mi3 ♦ 1/4 02 " — ■»KK2 +1/^ H 2 O (U 
HH2 ♦ no- — » M2 ♦ H 2 O (2) 

The ammonia is consumed in the prcxress 
with the nitrogen and hydrogen atoos being 
cxMiverted to water and nitrogen gas %«hen 
reacted with oxygen and nitric oxide* 

Tiiis reaction will take place without 
catalytic enhancement if ammonia is in- 
jcciv'<l into tlie exluiust gas at tempera- 
ture «>i •ipproxiw.itely 1750 K. The ttimper- 
ature required tor the reaction can be 
reduced thrcHigh the addition of hydrogen. 
The noncatalytic ammonia reduction of 
nitric oxide has the disadvantages of 
lower efficicni^y than catalytic and a 
narrow temperature wIihIow* which implies 
cx^ntrol difficulties* 

The noncatalytic or **thermi. I* ammonit 
in}€K*tion prccess has been shown to be 
relatively insensitive to fuel properties 
in numerous tests* some of which involved 
coal combustion* The noncatalytic system 
IS shown schematicat ly in Figure 4* 

Catalytically enhanced <n*iionia injec- 
tion systems offer the advantages of 
higher NO reoioval efficiency* lower 
reaction temperature* and a broad temficr.i- 
ture wiiMlow. The iMlalytic system* sh«>wti 
schematicat ly in Figure 5* has uchieved 
greater than NO removal in several 
•ippl irat ii»ns^ ' * • A pilot c.il,ilytir am- 
mtiiii*i i II i f Ml i ii:;l . 1 1 I i*(l .it the 

lKo*|0 P*»Wi*r . ii h.l!» *t0'. NO 

rt..m»v.il on exh.iiisl g»is lioiii I'o.!! ^•omb^lS- 
tion» Catalyst touting wila <n»mbustion 
par ticuKitc* a problem in earlier in- 
stallations using "dirty" fuels* has not 
presented problems at Isogo* which uses 
plate-type as opposejd to pelletir.ed 


catalysts* The open channels of the plate- 
type catalyst are less susceptible to 
particulate matter fouling* Hot-side 
electrostatic precipitators provide an 
alternative approach to reducing potential 
particmlate foulin«i oroblcms* but tlie 
experience at Istnfo imiicatos th.ii ilH*y 
■kiy nt»t tx^ reqtiiroil* 

A characteristic ol both catalytic ainl 
noncatalytic ammonia injection systems is 
the production of some ammonium bisulfite 
and ammonium bisulfate when high ammo nia 
inj^ tion rates are used to maximize NO 
rer .ral* The experiencre in Japan indicates* 
however* that ammonium bisul f ito/bi sul f.it^* 
p«^oduction docs not produce si* |nit leant 
problems simre the deposits tend to form 
on air preheaters %diich can be periodi- 
cally cleaned by water washitni or soot 
blowing * 

Emission Standards Achievable - Table 4 
summarizes the currently applicable 
emission standards for txial-fircd po%#er 
plants and the levels of cxintrol which have 
been achieved on various tacilities* NoK* 
that Hie current KPA New Source Performance 
Standards (NSPS) for both coal-fired and 
oil-fired power plants allow for substan- 
tially greater emissions than have been 
proven to be achievable at certain existing 
power plants* 

NOx emissions of 0*34 Ibs/lO^ BTU have 
been demonstrated at the Isogo Power Sta- 
Lion in Japan without stack gas controls 
and 0*034 lbs/10^ BTU has been achieved 
with the ammonia injection pilot plant* 

Tt*e level of NOx control reflecting "best 
av • \ lablc cxmtrol tcxrhnology" appears to 
111.' between 0.04 anti 0.15 lbs/|0» BTU 
«lependin«i on whcllK«r catalyst durability t»ii 
coal proves acceptable from an economic 
perspective* The 0*15 level appears to be 
achievab. ^ with tiw use of the noncatalytic 
process* 

!^Ox cmissi€»ns «if 0.05 Ibs/IO^ BTU repre * 
sents 95z control over the emissions of 
coal with a sulfur content of 11* Host 
vrestern coals are significantly below this 
level of sulfur content* 

Particulate matter emissions of 
*005-. 01 Ibs/lOO BTU have already been 
achieved at two coal-fired facilities which 
incorporate fabric filtration* Given the 
'increased particulate removal efficiency 
associated with stack gas scrubbing* it 
appears as Lhough a standard of 0.00*^ can 
bo .u’h loved. 

For oompar ison purposes* Tabic 4 rncludos 
emissions dat.^ from Alamitos 15* an oit- 
t i rorl |K>wr»r pl.»ni o|H»r,itod by :»«>ulhern 
(*.i I i I (U II i.i wlibdi i:; thi* >*l«*.»ni*;;t 

<i|l-liii*d {••iw**! pl.ml III < \i I 1 1 * •! ii i -I , .iimI 

No.it I 01 g< »rhl It, I ri.iliii.il g.i:.~tif»*d 

pl.itiil opoF at od by i fio Iim:> Angtdi*s 
Department ot W.iler and Powt t whi«*h is lhi» 
cl**anest fossil fuel -fired power plant in 
the stat^'. Comparimi the aggrc<|ated NOx 
SOx and particulate omissions from 



AloHitos #5 to the author's proposed hest 
available control technology standards for 
cual, it is seen that Aionitos #5 could 
lu:ve as Buch as 500^ greater esissions than 
a aodern coal-^fired power plant of equiva- 
lent output. 

Control SystCB Costs - A wide range of 
crisf estimates have lx?en mode for the 
v.iri«Mis •mission I'Miiitifkl sysioMS applit*^ 

ffc* t'fMl-iirtHl iMmor plants. Shtnm in 
Tabic "i are the author's estimates for 
control system costs compared to basic 
power plant costs based on data from a 
variety of sources. Scrubbers* non- 
catalytic ammonia injection and electro- 
static precipitators are estimated to 
account for 27% of the cost associated 
with producirq electricity at ''busbar*. 
Such control costs account for much less 
flt.in 27- the consumer cost of electric 
siiit-t* atiminisl I at ive «*«»sts and the 

• :;ts associated with elet'trie power trans- 
mission have not been included. 

VI. SUNtlARY AND CQNCUISIOliS 

The state of the art in emission con- 
trol has progressed to the point %ihere 
coal c'an be used to produce electricity 
with .lir |ir*l 1 ut i««n th.m is currently 

•'•I wi I li • i«''i I y pi 

III*' «*• 4ni *•*;:! I* < i| tt*W t iti'l «»i I . 

1*1 I It* n* | nt.i«li* iti • In* 

• •t a new plan tor at.ii'tevliit| and puiliii.iiniti«| 
the ambient air quality standards in 

Cal 1 for nia, indicates that new mission 
sources can be accoimiiodated provided they 
do not have emissions %ihich will cause 
violations. Preliminary air quality 
iiMNicliiui indicates that if emissions from 
coal-tired power plants are controlled tt> 

I tu' I I'Ve Is itultiMitHi .IS fe.isiL!e above, 
t ilu* l<HMli.a't| ail «|ii.iiily si .itid.iril 
In* .ivt>iih*«i. 
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4. South Coast Air duality Hanagcment 
District* Sulfu r Dioxide/ Sulfate 
Control Study* May 1978. 

5. Calitfirnia Air hesourcos I'l.iti 

Development Program for an Ai t 
Conservation Program CiTtifornia * 
February 1977. 

6. U.S. CPA* environmental Research 
Informacion Center, Fabric Fitter 
Particulate Control on Coal-Fired 
Utxiity ^ilCTs; Nucla* Co. and Sa nbury 
P^.* EPA 625/2-77-013. 

7. lrfun«|-l9no* II. ami IkmiZley* Alan, 
Observation of Flue Ga s Uesul t m itin 
and Denitrification Systems ^ in dapaji* 
California Air Resources Board Import 
SS-78-004* March 7, 1978. 
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States Sex^tion of the Combustion 
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Tal>ie i - .Ambient Air Quality Stanlacds Significantly 
Affected by Pcssil Fuel OoodHistion 


Poliutan' 

State Standards 

Federal Standards 

Precursors 

Nitrogen O.oicide 
(NO 2 ) 

.25 ppm hrly avg 

.05 ppm annua? ivg 

Nitrogen Oxide (NO) 

Sulfur Dioxide 
(SO 2 # 

.05 ppm 24 hr avg 
.5 ppm hrly avg 

.14 ppm 24 hr avg 
.03 ppm annual avg 

Sulfur Dioxide 

Total Suspended 
Particulate 
Hatter CTSt'l 

60 itg/m^ annual 
avtf 

100 i«g/m^ 24 hr 
avg 

75 ng/m^ annual 
avg 

260 t*g/im 24 hr 
avg 

Pari icti lales , su U wr 
oxides, •*xi«l«‘s, 

hydrocarbons 

Sulfates 

25 vg/m^ 24 hr 
avg 

None 

Sulfur dioxide 

OKidant CO^) 

.10 pgm hrly avg 

.OOppm hrly avg 

Hydrocarbons (UC), 
Nitrogen oxide 

Visibility 

10 iles when 
humidity is 
less than 70% 

None 

Particulates, Sulfur 
dioxides. Nitrogen 
dioxides, Bydrocarbons 


Table 2 - ftaxinun Pollutant Concentrations, 1977 



Basin 

Oxidant 
(one hour « 
PPW) 

TSP 

(24 hour- 
ig/m^) 

SO 2 

(24 hour- 
PP») 

Sulfates 

124-hour- 

itg/m^) 

NO 2 

(one hour- 
ppm) 

1- 

South Coast 

.39* 

508* 

.132* 

64.7* 

.69* 

2. 

South Central Coast 

.26* 

293* 

.035 

27.5* 

.30* 

3. 

San Diego 

.25* 

240* 

.023 

37.9* 

.36* 

4. 

Sftin Francisco Bay Area 

.17* 

179* 

.090 

)9.4 

.26* 

5. 

San Joaquin Valley 

-21* 

793* 

.092* 

73.7* 

.18 

6. 

Sa^'ramento Valley 

.19* 

250* 

.014 

6.6 

.17 

7. 

Nr>rth Central Coast 

.14* 

166* 

-053 

7.6 

.12 

8. 

l.ake Tahoe 

10* 

98 

0 

- 

.09 

9. 

Southeast Desert 

.27* 

732* 

-088P 

18.6 

.26* 

10. 

riountain Counties 

.10* 

72 

- 

2.2 

- 

11. 

Great Basin Val _eys 

- 

- 

- 

- 

- 

12. 

North Coast 

- 

218* 

- 

13.1 

- 

13. 

Northeast Plateau 

- 

215* 

- 

18.6 

- 

14. 

Lake County 

- 

182* 

.01# 

3.9 

- 


* InJitMlos Icvol ia excess of state or foclcral ambient st«imlarii 
- Iiulicales data not available 
ft Total nulfur 

Combiii.it ton standard - OX/SO 2 cxecedo*! on another day when SCH .076 & Ox -• .10 


HZ 



Table 3 - CoDj^rison of Emissions from a Coal-Pired« 
Oil-Piredt and Gas-Pired 450 HH Powr Plant 
Hitbout Stack Gas Controls (Pounds per 10^ Btu) 

Pollutant Coal^Fired^ Oil^^Pired^ Gas*Fired 


NOx 

0*45 

0.17 

0.11 


SOx 

1.33 

0.52 

nil 


PH 

4.20 

0.04 

nil 


notes: ^ Based on burning 1% sulfur coal 




Based on burning 0.5t 

sulfur oil 




Table 4 - Controlled Power Plant 

Emissions Comparison 




Omissions » 

lbs/10^ Btu heat 

input 



NOx 

SOx 

PM 

EPA NSPS, (oill 


0.3 

0.8 

.1 

EPA NSPS, (coal) 


0.7 

1.2 

.1 

ISOOO Power Station (coall 


0.34 

0.02-0.1 

.035 

ISOGO NH^ Injection Pilot Plant 


0.034 

- 

.035 

Colorado Ute Nucla Plant (coal) 


- 


.01 

Pennsylvania Power ard uight 
Sanbury Plant (coal ) 


- 

- 

.005 

Autlior*s Proposed BACT (cc^l) 


0.04*. 15 

0.05 

0.005 

Alamitos 45 (0.2St oil) 


0.17 

0.26 

0.049 

Scattergood 43 (gas) 


0.034 

0.0008 

0.9025 


Table S Estimated Costs As.»ociated with Electricity from Coal 

Percent of 



Capital Cost 
S/KW 

Electricity Cost 
Hills/KHHR 

Total 

Electricity Cost 

Basic Power Plant 

600 

11 

42 

Scrubbe ' ^ 

110 

3 

11.5 

Electrostatic Precipitators 

35 

1 

4 

Non-Cata lytic Ananonia 
Injection 

12 

3 

11.5 

Fuel Costs 

Externalized 

8 

31 

TOTAL 

757 

26 

100 


^rxtTnTOii.rrf 
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Figure 1 California air basins 
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Figure 2* Fabric liltratioii (baghoasc) system 



Figure 3, Limestone slurry Hue gas <iesul£urisation 
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Figure 4. Noncatalytic ammonia injection system 
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Figure Catalytic Ammonia Injection System 
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